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,57) Wellbore lining apparatus and method of lining 
L wellbore is provided. The wellbore Hn ing apparatus 
LmpSs an expandable conduit 10 havmg a first sec- 
^TlS asecond section 10s. The first section 10L 

"a^J^en^rged diameter 18 with respecttothe second 

^^t^nTos The apparatus also includes an expans«n 

S^angeJto S'at least partially 

5^ Sn 10L. The expanston tool is constmcted and 

Sn^ to expand at least a portion of a second sect»n 
10s of the expandable conduit 10. 



Fig. la 
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Description 



[0001] The present invention relates to an apparatus 
for and a method of anchoring a first conduit to a second 
conduit, the apparatus and method particularly, but not 
exclusivety. using an inflatable device to provide a tem- 
porary anchor. 

[00021 A borehole is conventionally drilled during the 
recovery of hydrocarbons from a well, the borehole typ- 
ically being lined with a casing. Casings are installed to 
prevent the fonmation around the borehole from collaps- 
ing. In addition, casings prevent unwanted fluids from 
the surrounding formation from flowing into the bore- 
hole, and similarly, prevents fluids from within the bore- 
hole escaping Into the sun-ounding fonnation. 
[0003] Boreholes are conventionally drilled and cased 
in a cascaded manner; that is, casing of the borehole 
begins at the top of the well with a relatively large outer 
diameter casing. Subsequent casing of a smaller diam- 
eter is passed through the inner diameter of the casing 
above, and thus the outer diameter of the subsequent 
casing is limited by the inner diameter of the preceding 
casing. Thus, the casings are cascaded with the diam- 
eters of the casing lengths reducing as the depth of the 
well increases. This gradual reduction in diameter re- 
sults in a relatively small inside diameter casing near the 
bottom of the well that could limit the amount of hydro- 
carbons that can be recovered. In addition, the relatively 
large diameter borehole at the top of the well involves 
increased costs due to the large drill bits required, heavy 
equipment for handling the larger casing, and increased 
volumes of drill fluid that are required. 
[0004] Each casing is typically cemented into place 
by fining cement into an annulus created between the 
casing and the surrounding formation. A thin slurry ce- 
ment is pumped down into the casing followed by a mb- 
ber plug on top of the cement. Thereafter, drilling fluid 
is pumped down the casing above the cement that is 
pushed out of the bottom of the casing and into the an- 
nulus. Pumping of drilling fluid is stopped when the plug 
reaches the bottom of the casing and the wellbore must 
be left, typically for several hours, whilst the cement 
dries. This operation requires an increase in rig time due 
to the cement pumping and hardening process, that can 
substantially increase production costs. 
[0005] It is known to use a pliable casing that can be 
radially expanded so that an outer surface of the casing 
contacts the formation around the kjorehole. The pliable 
casing undergoes plastic defonnation when expanded, 
typically by passing an expander device, such as a ce- 
ramic or steel cone or the like, through the casing. The 
expander device is propelled along the casing in a sim- 
ilar manner to a pipeline pig and may be pushed (using 
fluid pressure for example) or pulled (using drill pipe, 
rods, coiled tubing, a wireline or the like). 
[0006] Lengths of expandable casing are coupled to- 
gether (typteally by threaded couplings) to produce a 
casing string. The casing string is inserted into the Ijore- 



hole in an unexpanded state and is subsequently ex- 
panded using the expander device, typically using a 
substantial force to facilitate the expansion process. 
However, tiie unexpanded casing string requires to be 
5 anchored either at or near an upper end or a lower end 
thereof during tine expansion process to prevent undue 
movement. This is because when the casing string is in 
an unexpanded state, an outer surface of the casing 
string does not contact ttie surrounding borehole forma- 
10 tion or an inner face of a pre-installed casing or liner 
(until at least a portion of tiie casing has been radially 
expanded), and thus tiiere is no inherent initial anchor- 
ing point. 

[0007] Slips are conventtonally used to temporarily 
15 anchor the unexpanded casing to the borehole during 
the expansion process. Slips are generally wedge- 
shaped, steel, hinged portion that provide a temporary 
anchor when used. Slips are actuated whereby the 
wedge-shaped portions engage with the sun-ounding 
20 borehole formation or a casing or liner. 

[0008] However, the mechanical configuration of slips 
often causes damage to the casing or liner. In some cas- 
es, the damage causes the slip to fail due to a toss of 
mechanical grip. Slip-type devices in open-hole engag- 
es ing formation are often prone to slippage also. 

[OOra] According to a first aspect of the present inven- 
tion, there is provided an apparatus for anchoring a first 
conduit to a second conduit, the apparatus comprising 
an inflatable device for engaging with the first conduit, 
30 wherein the inflatable device is inflatable to facilitate an- 
choring of the first conduit to the second conduit 
[0010] According to a second aspect of the present 
invention, there is provided a method of anchoring a first 
conduit to a second conduit, the rrwthod conprising the 
35 steps of providing a first conduit, providing an inflatable 
device in contact with the first conduit, running ttie first 
conduit and inflatable device into the second conduit, 
and subsequentiy inflating the inflatable devtee to facil- 
itate anchoring of the first conduit to the second conduit 
40 [0011] According to a third aspect of the present in- 
ventton. there is provided a method of anchoring an ex- 
pandable conduit to a second conduit, the method com- 
prising the steps of providing an expandable conduit, 
running thefirst conduit into the second conduit, passing 
45 an Inflatable device Into tfie conduit, and subsequentiy 
inflating the inflatable device to facilitate anchoring of 
the expandable conduit to the second conduit 
[0012] The first conduit is typically an expandable 
conduit 

50 [001 3] The first or expandable conduit may comprise 
any type of expandable conduit that is capable of sus- 
taining plastic and/or elastic deformation. The first con- 
cfcjit typteally comprises an expandable liner, casing or 
tiie like. The second conduit may comprise any type of 
55 conduit The second conduit typically comprises a liner, 
casing, borehole or the like. 

[001 4] The inflatable device typrcaily comprises an in- 
flatable balloon-type portion coupled to a ring. This al- 
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mniin The Inflatable device Is typically tnflatedto ex 

^^c^ the -chor. and forces applied to t^expa^- 
'aLlconduKare mainly channelledinto*ese^^^^ 
duit via the expandable condutt and not the inflatable 

mSi Alternatively, the inflatable device is inflated 
SJereby a%on thereof directly contacts the second 

rooan The expander device Is optionally Pfww^" 
K least one'seal. The seal typically compr^es at 

r^rT°h^ method optionally comprises one ^me 
77of the additional steps of inserting an expan^r 
SLvtee into the expandable «>ndu«. o^^^ng*^ ex- 
pander device to expand the ^^P^^^^^^"^^^, 
Lngtheinflatabledevice.andrernov,ngttee^^^ 

devii and/or the inflatable device from the expandable 
/v^nrfu•rt and/or the second conduit. 

?he method optionally comprises one. sorr^ 
Kif *e addittonal steps of attaching an expande 
deSce to the Inflatable device, operating the ejjande^ 
S^S to expand the expandable co"d"t ^'^^^^ 
Je Spander device to the inflatable device deflatmg 
reira?^edevice.andremovingtheexpar^erde>«y 
rnrrtheinflatabledevicefromtheexpandablecondurt 

and/or second conduit. 

S The expander device is typteaily oper^^d t^ 
Sung it through the expandable conduit using fluW 
preLre Alternatively, the expander deyicemaybeop^ 
erated by pigging rt along the expandable conduit using 
a ^^ve JtEiS al pig or tractor. The expander device may 



leo onerated by propelling it using a weight (from 

t s^ngCxample). or may by pulling it thn^ugh the 

txpandile conduit (e.g. using drill pipe. rods, coiled 

lubinq. a wireline or the like). , a 

5 raoS optionally, the inflatable devce may act as a 

SSleSby fluid'pressure can be applied betow the 
moiei Embodiments of the present invention shall 
^ de^rlbed. by way of example only. w«h refer- 
to ence to the accompanying drawings, in which.- 
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Rfls 1a to 1d are successive stages in anchoring 
andJxpanlganexpandableconduftwm,lna^^ 
ondconduftuslngafirstembodlmentof an infiatabie 

S'rik to 2d are successive stages m anchoring 
and e^par^ng an expandable c»ndu. w. l^ ^ 

borehote to tie back the e'^P^'^^'>'^~"Xle 
Ling using a second embodiment of an inflatable 

to 3d are successive stages in anchoring 
a?dexpandinganexpandable<»ndultwrthm^^^^^^ 
ond conduit using a third embodiment of an inf lata 

Fro "S'fe a front elevation showing a first configu- 
Stofofa friction and/or sealing material that can 
Sapt^ledtoanoutersurfaceofthecondurtsshown 

Sg^'SlLS.endelevationofthefricUonand/orseal- 
Ino material of Fig. 4a; 

Rg 4c is an enlarged view of a portion of the ma- 
teLof F.gs4aand4bshowing a profiled outer sur- 

F? 5 is a schematic cross-section of an expanda- 
bteconduitthatcan be used wrth the present mven- 

tion having an alternative configuration of a friction 
and/or sealing material; 

Fig. 6a is an front elevation of the fr«tlon and/or 
sealina material of Fig. 5; and 
^jSlTanendelevationofthefrictlonand/orseal- 

Ing material of Rg. 6a. 
P0271 ReterringtoF,g.1.thereisshownins«,uen^^^ 
fFias la to 1d) successive stages of anchoring an ex 
45 SJble coniiit 10 to a casing 12 provided in a tore^ 
E^elnot shown), the borehole typically being drUle^o 
SiL the recovery of hydrocarbons The expandabte 

Slduit lOistypically an expandable liner orcasing. but 
any type of expandable conduit may be "sed. . 
50 raoSl The borehole Is conventtonally lined wrth cas- 
Sg^toprLntthefomiationaroundtheboreholefro^^^ 
'iV-g and also topreventujantedfluids^^^^^^^^ 
surrounding formation from flowing into the borehote 
anTJimilaSy. prevents fluds from wnhln the borehole 
55 escaoina into the surrounding formation. It should be 
nSStthecasinglZmaycompriseany^eo^^^^^^^ 
Suit, such as a pipeline, a finer, a casing, a borehote or 
the like. 



35 



40 



5 



EP1555 386 A1 



6 



[00291 An inflatable device 14. that in this embodi- 
ment has an expander device 16telescopicalty attached 
thereto, is positioned within the expandable conduit 10 
before the conduit 10 is inserted into the casing 12. 
[0030] Referring to Fig. 1 a, the conduit 1 0 with the in- 
flatable device U and expander device 16 located 
therein is run into the hole to the required setting depth. 
As can be seen in Rg. 1a, a lower end 101 of the ex- 
pandable conduit 10 is radially expanded (indicated 
generally at 1 8) to allow the inflatable device 1 4 and the 
expander device 16 to be located therein. It will be ap- 
preciated that although Rgs 1 a to 1 d show \he Inflatable 
device 1 4 and expander device 1 6 located at or near the 
lower end 1 01 of the conduit 1 0, the inflatable device 1 4 
and/or the expander device 16 may also be located at 
or near an upper end of the conduit 10. In this case, the 
expander device 16 is propelled downwardly using, for 
example, the weight of a string, fluid pressure or any 
other conventional method. 

[0031] The inflatable device 1 4 may be of any suitable 
configuration, but Is typically a device that has an inflat- 
able annular balloon-type portion 14b that is mounted 
on an annular ring 14r. The annular ring 14r allows a 
string, wireline or the like to be passed through the in- 
flatable device 14 as required. 
[0032] This is particularly advantageous where the in- 
flatable device 14 is positioned at the upper end of the 
conduit 10. Thus, substantially full-bore access is still 
possible. 

[0033] Referring to Fig. 1 b, the inflatable device 1 4 is 
inflated to expand the Inflatable annular balloon-type 
portion 14b. As the balloon-type portion 14b expands, 
an anchor portion 1 0a of the conduit 1 0 is also expand- 
ed. The anchor portion 1 0a is expanded by the inflatable 
device 14 until it contacts the casing 12. as shown in 
Rg. 1 b. This contact between the anchor portion 1 0a of 
the expandable conduit 10 and casing 12 provides an 
anchor point and/or a seal between the expandable con- 
duit 10 and the casing 12. The outer surface of the an- 
chor portion 10a may be suitably profiled (e.g. ribbed) 
or coated with a friction and/or sealing material 1 00 (Rgs 
4a to 4c) to enhance the grip of the conduit 10 on the 
casing 12. The friction and/or sealing material 100 may 
comprise, for example, any suitable type of mbber or 
other resilient nr^aterials. ft should be noted that the fric- 
tion and/or sealing material 100 can be provided on an 
outer surface 10s of the conduit 10 at various axially 
spaced-apart locatbns. 

[0034] Referring to Rgs 4a to 4c, the friction and/or 
sealing material 100 typically comprises first and sec- 
ond bands 102, 1 04 that are axially spaced apart abng 
a tongitudlnal axis of the conduit 1 2. The first and second 
bands 1 02, 1 04 are typically axially spaced by some dis- 
tance, for example 3 inches (approxinr^tely 76mm). 
[0035] The first and second bands 1 02, 1 04 are pref- 
erably annular bands that extend circumferentially 
around the anchor point 1 0a of the conduit 1 0. although 
this configuration is not essential. The first and second 



bands 102, 104 typically comprise 1 inch wide (approx- 
imately 25.4mm) bands of a first type of rubber. The fric- 
tion and/or sealing material 1 00 need not extend around 
the full circumference of the conduit 10. 
5 [0036] Located between the first and second bands 
1 02, 1 04 is a third band 1 06 of a second type of rubber. 
The third band 106 preferably extends between the first 
and second bands 102. 104 and is thus typically 3 inch- 
es (approximately 76mm) wide. 
10 [0037] The first and second bands 1 02, 1 04 are typi- 
cally of a first depth. The third band 1 06 is typically of a 
second depth. The first depth is optionally larger than 
the second depth, although they are typically the same, 
as shown in Rg. 4a. The first and second bands 102. 
J5 1 04 may protrude further from the surface 1 0s than the 
third band 106, although this is not essential. 
[0038] The first type of rubber (i.e. first and second 
bands 102, 104) Is preferably of a harder consistency 
than the second type of rubber (i.e. third band 1 06). The 
20 first type of rubber is typically 90 durometer mbber, 
whereas the second type of njbber is typically 60 du- 
rometer mbber. Durometer is a conventional hardness 
scale for mbber. 

[0039] The particular properties of the mbber may be 
25 of any suitable type and the hardnessess quoted are ex- 
emplary only. It should also be noted that the relative 
dimensions and spacings of the first, second and third 
bands 102, 104, 106 are exemplary only and may be of 
any suitable dimensions and spacing. 
30 [0040] As can be seen from Rg. 4c In particular, an 
outer face 106s of the third band 106 can be profiled. 
The outer face 106s is ribbed to enhance the grip of the 
third band 106 on an Inner face 1 2i of the casing 12. It 
will be appreciated that an outer surface on the first and 
35 second bands 102, 104 may also be profiled (e.g. 
ribbed). 

[0041] The two outer bands 102, 104 being of a harder 
mbber provide a relatively high temperature seal and a 
back-up seal to the relatively softer mbber of the third 
40 band 1 06. The third band 1 06 typically provides a lower 
temperature seal. 

[0042] Refemng to Rg. 5, there Is shown an alterna- 
tive conduit 1 20 that can be used in place of conduit 1 0. 
Conduit 1 20 is substantially the same as conduit 10, but 
45 is provided with a different configuration of friction and/ 
or sealing material 122 on an outer surface 120s. 
[0043] The expandable conduit 120 is provided with 
a pre-expanded portion 120e in which an expander de- 
vice (e.g. expander device 16) and/or an inflatable de- 
50 vice (e.g. device 14) may be located whilst the conduit 
120 is mn Into a borehole or the like. It should be noted 
that the expander device need not be located in the con- 
duit 120 whilst it IS being mn into the borehole, and can 
be located in the conduit 120 once it is in place. 
55 [0044] As shown in Rg. 5. the expandable conduit 100 
IS provided wrth the frictfon and/or sealing material 122 
at at least one location. The fiction and/or sealing ma- 
terial 1 22 IS applied to the outer surface 1 20s of the con- 
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imately 305mm). rnaterial 1 22 is best 

FftnA^i The friction and/or sealing matenai 
[00451 I ne THcu sealing ma- 

[uuwj Y and/or seal that the tor- 

crease the strength of the gnp anu/ 

r„duS lS' 1 M that is by pushing or pulling on the oon- 
S 10 IZO^exampi will be mainly tran^'-'f^J 
*e <^'lng 12 via the anchor point and not through the 
device 14. This is advantageous as ft reduces 
of da^getothe Inflatable device U. Addrtion- 
Tl^Ss IliTSuces the risk of damage to the casing 
faihTmTh^e occurred whereaconventlonalsl.p« 

^ A^conventlcnal sfips may *elr gnp on *e 
S?ng 12 where damage ensues or «as>ng 12 « 
^^ansferringsubstantlalValloftheforc^d^^y 
tot^cIslng12viatheanchorpolntobviatesthesed.s- 

SS^r'e expander device 16 can then pulted 
Sh the expandable conduit 10 1 20 to rad.ajy ex- 
«^ ^nduit 10 120 as shown in Fig. ic i ne ex 
Ta^rdeVriVlbepropelled^ro^^^^^^^ 
°0 120 m any conventional manner. In Bg^ 1. the ex 
lander device 16 Is pulled through the conduft 10. 1M 
Ssrr?Is^n920that IS attached to the expander devK:e 

16 many conventional manner. 
100511 In the embodiment shown m Fig. L ex 
Sr device 16 Is telescoplcally coupled to the mflat- 
Stel^viL Uus,ngate.escoplccoup.ing.gene^^- 
dlcated at 22. CoupHng 22 comprises one or more tele- 



. ^™»mhprfi 24 that are attached to the 

in an annulus created between the conduit 1 0. 1 20 and 
!S»?X%xpander device 16 is continually pulled 

10 120 and/orthe casing 12 atthe surface. 
25 0054? Anchorlngahdeypandlngtheexpandable^n- 
L vf io 120 in this way has several advantages. Wrth 
temb^^m^nu^^^^^^^ 

fcoiorSne or coiled lublng ^ -"tro. °2;at- 

!urexDOSureto the surrounding formation and no ng 
the inflatable devtoe Ucon«9"-^- 
35 anTnnular ring 14r. substantially full bore access « stli 

should be noted that the method descnb«l 
Reference to Fig. 1 is intended to expand the ex- 
^atl^erduftlO 120lnasingle^^^^^^^^^^ 

40 er device 16 through the ^''^^'''^^TT^^C^ 
but multiple passes and/or expansions are possible 
riffiS Referring Id Fig. 2. there is shown In sequence 
Sat^Ss^Sestagesofhanginganexpand- 

S SndSbo off a casing 32 (le tying bad. a liner). 
.5 t eSandable conduit 30 typically comp^ng^^^^^^ 

-rsriijrrhr3:'^^^^^ 

50 S.w!;erelntheupperportionofthebore^le34has 
been «ned with an existing casing or Imer 36^ 
100571 In the embodiment shown in Fig. 2, tne ex 
Sble conduit 30 is provided with a fri^on and/or 
seanni material 38 on an outer surface th^^f- The 
55 Unction of the friction and/or sealing material 38 is to 
pro?^ a irlction and/or sealing) coupling between^he 
e«andab e conduit 30 and the exteting Tiner or casing 
S^efricaon and/or sealing material 38 may alsopro- 
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vide a seal between the lower (unRned) and upper 
(lined) portions of the borehole 34. The friction and/or 
sealing material may comprise, for example, any suita- 
ble type of rubber or other resilient materials. For exam- 
pie, the friction and/or sealing material 38 can be con- 
figured in a similar way to the friction and/or sealing ma- 
terial 100, 122 described above with reference to Rgs 
4 to 6. 

[0058] Addittonally. the conduit 30 may be provided 
with friction and/or sealing material (e.g. material 100. 
122) at a lower end 301 of the conduit 30 to enhance 
the anchoring effect at this portion of the conduit. Addi- 
tionally, the frictbn and/or sealing material can be pro- 
vided at various spaced-apart locations alo ng the length 
of the conduit 30 to enhance the coupling between the 
conduit 30 and the borehole 34 or casing 36. 
[0059] Referring to Fig. 2. an inflatable device 40, that 
has an expander device 42 releasably attached thereto, 
is positioned within the expandable conduit 30 before 
the conduit 30 is inserted into the borehole 34. The con- 
duit 30 is provided with an expandable portion of casing 
or liner 44. portion 44 being provided with a plurality of 
longitudinal slots 48. The portion 44 may be located at 
a lower end 301 of the conduit 30 or may be Integral 
therewith. 

Referring to Rg. 2a, the conduit 30 with the inflatable 
device 40 and expander device 42 releasably attached 
at or near a lower end thereof, is mn into the borehole 
34 to the required setting depth. As can be seen in Rg. 
2a, a lower end 301 of the conduit 30 is radially expand- 
ed (indicated generally at 50) to allow the expander de- 
vice 42 to be located therein. It will be appreciated that 
although Rgs 2a to 2d show the Inflatable device 40 and 
expander device 42 tocated at or near the lower end 301 
of the conduit 30, the inflatable device 40 and/or the ex- 
pander device 42 may also be located at or near an up- 
per end of the conduit 30. In this case, the expander 
device 42 is propelled downwardly using, for example, 
the weight of a string, fluid pressure or any other con- 
ventional method. 

[0060] The inflatable device 40 may be of any suitable 
configuration, but Is typically a device that has an Inflat- 
able annular baltoon^ype portion 40b that is mounted 
on an annular ring 40r. The annular ring 40r allows a 
string, wireline or the like to be passed through the in- 
flatable device 40 as required. This is particularly ad- 
vantageous where the inflatable device 40 is positioned 
at the upper end of the conduit 30. 
[0061] Referring to Rg. 2b, the inflatable device 40 is 
inflated to expand the inflatable annular balloon-type 
portion 40b. As the balloon-type portion 40b expands, 
the expandable portion 44 of conduit 30 also expands. 
As can be seen in Rg. 2b. the longitudinal slots 48 widen 
as the portion 44 expands. Portion 44 acts as an anchor 
for the casing 30 and is expanded until it contacts the 
borehole 34, as shown in Rg. 2b. This contact between 
portion 44 and the borehole 34 provides an anchor point 
and/or a seal between the expandable conduit 30 (to 



which portion 44 is attached or integral therewith) and 
the borehole 34. 

[0062] As with the previous embodiment, the expand- 
er device 42 is then pulled through the expandable con- 
5 duit 30 to radially expand the conduit 30, as shown in 
Fig. 2c. The expander device 42 can be propelled 
tiirough ttie conduit 30 in any conventional manner. In 
Rg. 2, tiie expander device 42 is pulled through tiie con- 
duit 30 using a drill pipe or string 52 that is attached to 
10 the expander device 42 in any conventional manner. 
[0063] As the expander device 42 is pulled upwards, 
ttie upward movement thereof Is stopped after a prede- 
termined time or distance, at which point tine expander 
device 42 Is lowered until a coupling between the ex- 
15 pander device 42 and the Inflatable device 40 latches. 
As witii the previous embodiments, the inflatable annu- 
lar balloon-type portion 40b 1s automatically deflated 
and further upward movement of ttie expander device 
42 causes the inflatable device 40 also to move upward, 
20 as shown in Rg. 2d. It should be noted that the upward 
movement of tiie expander device 42 should only be 
stopped once a sufficient length of conduit 30 has been 
expanded to provide a sufficient anchor. 
[0064] It should also be noted that the portion 44 is no 
25 longer required to anchor the conduit 30 to the borehole 
34 as tiie expanded conduit 30 (Rgs 2c and 2d) secures 
tiie conduit 30 to the borehole 34. The friction and/or 
sealing material (where used) can help to provide a re- 
liable anchor for the conduit 30 whilst it is being expand- 
30 ed and also when in use. 

[0065] The expander device 42 is continually pulled 
upwards until the conduit 30 Is fully expanded, as shown 
in Rg. 2d. Thereafter, the inflatable device 40 and the 
expander device 42 may be removed from the expand- 
35 able conduit 30 and the borehole at tiie surface. As 
shown In Rg. 2d, the conduit 30 expands whereby the 
friction and/or sealing material 38 contacts ttie casing 
36. This provides a tie back to the casing 36 and option- 
ally a seal between the upper (lined) portion of the well- 
40 bore and the lower (lined) borehole 34, depending upon 
the composition of the material 38, 
[0066] With the embodiment shown in Rg. 2. there is 
no pressure exposure to the formation, full bore access 
is still possible, the conduit 30 may be expanded in a 
45 single pass (multiple passes possible) and it may be 
used to anchor and set in an open hole. Additionally, it 
provides a tie back to the casing 36 in a single pass of 
the expander device 42. It should be noted that the 
method described with reference to Rg. 2 is intended to 
50 tie back the casing in a single pass, but multiple passes 
and/or expansions are possible. 
[0067] It should also be noted that successive lengths 
of expandable conduit may be coupled to casings or lin- 
ers thereabove using the same method. Thus, the meth- 
55 od(s) described herein may be used to line or case a 
borehole without the use of cement 
[0068] Referring to Fig. 3. there is shown in sequence 
(Figs 3a to 3d) successive stages of anchoring an ex- 
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previous embodiments^ ^^^^ingsowiththeln- 
roOTOl Referring to Fig. 3a, tne casmy ^ 
nihte device 84 attached thereto and the expander 

on an annular ring 84r. The annular ^"^^ 

exSSS device 86 are posittoned at the upper end of 

lSS;tet-.ngtoRg.3t,.thelntlata..e^^^^^ 

to expand the inflateble -""'-J^^J^^P", 
Dortion84b As the balloon^ype porbon 84b expands, ii 

S^^^^e casing 82. thus P-«'ng -^f^b^ 
tween the conduit 80 and the casmg 82 This cont^ 
Sen the balloon-type portion 84b and the c^mg^ 

plfdes an anchor pointand/orasealbetweenthecon- 

tsruS^e^Tedthatin*isemt»dimen.t^ 
E aDoUed to the conduit 80 by subsequent move- 
r^or^i c^ln 80, that IS by pushing or pu|^ng^n 
meconduft80torexample.willbetransferredtothe^ 
S^Sviatheintlatabledev.ce84.However.un.*e^n^ 
ventional sfips. the inflated ^alloon-^e porton 8^^^ 
less likely to damage the casing. Additionally, the sob 
oml baLn-type portion 84b can be ch-e" whe^^^ 
» is sufficiently large so as not to lose its gnp on the 
^1^2 even whenthe inflatable device 84 ,s moved 

JS;rT:e1;"arr'devlce8aispu,^^^^^^^^^^ 
SdableconSurt80toradiallyexpand*ec»ndurt8^^ 

2 sTown in Rg. 3c. The expander device 86 can be 
^opSl^loi^h the conduit 80 in any conventional 
manner, as with the previous embodiments. 
Ssi Also, and as with the previous embodiments 
Ser surface 80s of the conduit 80 can be provided 
wrt^ friction and/or sealing material. The fnchon and/ 



tS^ Add«torally,» conduit 60 may be pKwi<tea 
condun 80 10 erhano. tt» coupling betMon B» 

T L J^^rn^ fe automatlcally deflated and fur- 
SrSmoIe^^^ntoftheexpander^^^^^^ 

tJeTSStable device 84 also to move ^P^^^- ^ 
I n r Rr3d It should be noted that the upward 

pyoanded to provide a sufficient anchor. 
Si The expander device 86 is continually pulled 
uo^Ltow^Sthe surface until the conduit 80 « fully 
30 eS5?to contact the casing 82. Thereafter, the . n. 
Sl^vice 84 and the expander device 86 may be 

SayLSfsame advantages as in the pr-o- em- 
as Slment.buttheF«.3embodlment.sde.^^^^^^^ 
^hnr and set in cased hole rather than open hole. 
S t^ method and apparatus described herein 
used tor a pluralrty of different ciownhole f unc- 
ttons relating to the use of expandable conduit For ex 
.0 rmpl'SUbeusedv^eretheoriglna,^^^^^^^^^ 
fngre^ulritoberepalredduetodamagej^ei^eby 

overlying the damaged portion with a Port^o" 
^aSe conduit They may also be used to tie back to 
the liner or casing, as described herein 
45 10081] Thus.thereteprov.dedincerta.nembod.njente 
Si Vparatus and method of anchoring an expanda^^ 
SncKasecondconduiLTheapparatusandme^^ 
SSain embodiments provide numerous advant^es 

ovS conventional mechanical anchoring ^te^'^ji^^^ 
50 TslS. particularly by reducing the potential dam^e 

to wSute that mechanical slips may cause. Certain 
eoS^m^ntsofapparatusandmetho^invoJjet^^^^^^ 

o^nflatable device that can either be a) arched di- 
rXatornearthetoporbottomoftheexpandablecon- 
55 Storb)placedwithinthetoporbottomoftheex^nd- 
Ste con^it in a), anchoring forces are Qen^^^^J^^ 
f rtSTfriction between the Inflatable device and Uie 
LS^dconduit.thetorcesbelngpassed.ntothecondult 
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via the inflatable device. In b), anchoring forces are gen- 
erated by friction between an outer surface of the ex- 
pandable conduit and the second conduit, the forces be- 
ing substantially passed into the second conduit directly 
via the expandable conduit. The outer surface of the ex- 
pandable conduit nnay be suitably prepared (le provided 
with a friction enhancing material) to increase the 
strength of the anchor. 

[00821 Modifications and improvements may be made 
to the foregoing without departing from the scope of the 
present invention. 



9. 



claims 2 to 7, wherein the second expander device 
(16) expands at least a part of the expandable con- 
duit (10) by application of an axial force to the sec- 
ond expander device (16). 

Welibore lining apparatus as claimed in any of 
claims 2 to 8, wherein the second expander device 
(16) Is an expansion cone. 



Claims 

1 . Welibore lining apparatus, comprising an expanda- 
ble conduit (10) having a first sectfon (lOL) and a 
second section (10s), the first section (10L) having 
an enlarged diameter (18) with respect to the sec- 
ond section (10s), and an expansion tool arranged 
to be at least partially housed within the first section 
(10L), and constaicted and arranged to expand at 
least a portion of the diameter of the first sectran 
(10L). 

2. Welibore lining apparatus as claimed in claim 1, 
wherein the expansion tool includes a first expander 
device (1 4) and a second expander device (1 6), the 
first expander device (1 4) being arranged to expand 
at least a portion of the first section (10L) of the ex- 
pandable conduit (10), and the second expander 
device (1 6) being arranged to expand at least a por- 
tion of the second section (10s) of the expandable 
conduit (10). 



10 10. Welibore lining apparatus as claimed in any preced- 
ing claim, wherein the expander tool has an Initial 
largest outer diameter thereof completely disposed 
In the first section (1 OL), and is constmcted and ar- 
ranged to expand the outer diameter of the first sec- 
tion (1 OL) adjacent the initial largest diameter of the 
expander tool. 
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3, Welibore lining apparatus as claimed in claim 2. 
wherein the first and second expander devices (1 4, 
1 6) are at least partially housed within the first sec- 
tion (10L) prior to expansion thereof. 

4. Welibore fining apparatus as claimed in claim 2 or 
claim 3. wherein the first expander device (14) is 
radially expandable. 

5. Welibore lining apparatus as claimed in any of 
claims 2 to 4, wherein the first expander device (1 4) 
is an inflatable device (14). 

6, Welibore lining apparatus as claimed in claim 5. in- 
corporating sealing means (100) t)etween the inflat- 
able device (14) and the expandable conduit (10). 

7- Welibore lining apparatus as claimed in any of 
claims 2 to 6, wherein the second expander device 
(16) has a outer diameter that is larger than the in- 
ner diameter of the second section (10s). 



11. Welibore lining apparatus as claimed In claim 10, 
wherein the expander tool Is further constructed 

20 and arranged to expand the first section (1 OL) along 
Its entire length. 

1 2. Welibore lining apparatus as claimed In any preced- 
ing claim, wherein the first section (44) is slotted 

25 (48). 

13- A method of lining a welibore, comprising the steps 
of:- 

30 providing an expandable conduit (10) having a 

first section (10L) and a second section (10s), 
the first section (1 OL) having an enlarged diam- 
eter (18) with respect to the second section 
(10s); 

35 locating at least a portion of an expansion tool 

in the first section (1 OL) of the expandable con- 
duit (10). 

locating the expandable conduit (10) within a 
welibore; and 

40 expanding at least part of the first section (1 OL) 

of the expandable conduit (10). 



14- A method according to claim 13, comprising the 
step of applying a radial force to the expandable 
45 conduit (1 0) by Inflating the expansion tool. 

15. A method according to either of claims 13 or 14, in- 
cluding the step of compressing a seal means (1 00) 
between the expansion tool and the expandable 

50 conduit (10) to create a fluid-tight seal therebe- 
tween. 

16. A method according to any of clainr^ 1 3 to 1 5, com- 
prising the step of radially expanding at least part 

55 of the first section (10L) by radially expanding at 
least a ^rtion of the expansion tool. 



8. Welibore lining apparatus as claimed in any of 17. A method as claimed in any one of claims claim 1 3 
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port on of the first section v / 

expander device (16). 
18 A method according to claim 17, ^'^■^^"S 

(10S) of the expandable conduit (10). 

sSnd expander device (16) In an axial d.^»n 
Teby efLtIng expansion of the second section 
(10S) of the expandable conduit (10). 

(16) to apply the axial force thereto. 

21 A method according to claim 18 or 19. wherein a 
■ Imna See is applied to move the second expand- 
er dSi^^l ^an axial direction through the ex- 

pandable conduit (10). 

22 A method according to any one of claims 17 to 21 , 
wh^r^atleastoneofthefirstandsecondexpand- 
prTvLs{U l6)islocatedwithlnthefirstsect»n 
"oL) S running the condun (10) into the bore- 
hole. 35 

S s«»on (lOU wKlle mnnlns th. eon- 

duit (1 0) into the borehole. 

24. A method according to any one of claims 13 to^. 
wherein expanding at least a portion of the first sec 
Sn OOL) anchors'the conduit (10) within the well- 

bore. 45 

25. A method according to any one of clajrns 1 3 ^^^^^ 
wherein expanding at least a portion of the first sec 
CTlOU places an outsde portion of the condurt 
(10) Into contact with the weltbore. ^ 

26. A method according to any one of claims 13 to ^. 
wherelnexpandlngatleastapo,^ncrftl^ef.Jse^^^ 

tion (10L) places an outside portion of the conduit 
(To) into «>ntact with a surrounding tubular dis- ^ 
posed in the wellbore. 



25 



30 



EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP 1 555 386 A1 




EP1555 386A1 



I 

I 

I 




EP1 555386A1 




EP 1 555 386 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



nnniwirrm r^^«'"'="PP to be relevant 

-I . . • c lulmm nnnmDfiale. 



I Category 



Caation ol dooumert with aidcation. where appropriale, 
of relevant passages 



AppUcatton Number 

EP 05 00 4441 



CLASSIRCATIONOFTHE 
APPUCATTON ffntCl.T) 



EP 0 881 354 A (SOFITECH N.V; COMPAGNIE 
DES SERVICES DOWELL SCHLUMBER6ER) 
2 DeceSer 1998 (1998-12-82) 
column 2. lines 15-38 * 
colunr 3, lines 31-39 * 
column 5. lines 8-15 
colunr 5, lines 52-58 * 

WO 99/23354 A (METCALFE PAUL DAVID 
.PETROLINE WELLSYSTEHS LTD (GB)) 
14 May 1999 (1999-05-14) 
i page 7. liie 12 - page_8. line 19 * 

lis 5 348 G95 A (WORRALL ET AL) 
20 Septlnter 1994 (1994-09-20) 

* column 3, lines 5-43 

I US 3 203 451 A (VINCENT RENIC P) 
31 August 1965 (1965-08-31) ^ 

* colunfi 3, line 56 - column 4. line 15 

GB 2 344 606 A (SHELl'iNT RESEARCH) 
14 June 2008 (2808-06-14) 
figures 10d-18e * 



.13 



E21B43/10 
E21B23/ei 



1,13 



1-26 



1-26 



1-26 



TECHNICAL HEtpS 
SEARCHB) pnta.7) 



E21B 



■rh..t>esertsea.^ report has teen dn»m up teraaclaims 



The Hague 



19 April 2805 



Exaniner 

Garrido Garcia. M 



CATEGORY OF CITED DOCUMEhTTS 

documuit (rf thft sAinfi c&tegoiy 
A : tochnatogfcaJbttoksiound 
O : Ron-written (fodofture 
P : tntomediate dooument 



flftErthftflinQilale 
D : cteoumanl at»d in th« o|3plbalion 
L : dooument cfted for other n 



4 - menfcer o! the eaiii pienl family, eonwpondmg 
documefit 



EP 1 555 386 A1 



»K.KicY TO THE EUROPEAN SEARCH REPORT 
S^ElfROpSS lllEUl APPLICATION NO. 



EP 05 00 4441 



. , _be.^a«ngU.mepa.en.aocun,enUc»»a-. abo^-onSonsd Eun,paan cea„>h report. 
Tfeannexfets.hepalertfamly'n^ „„enforthB purpose dintormation. 

Then,embe.^^.»^.«=^"«i"^f;&rtt^ gr,en for the purpose ^5_Q4_2e05 



;;;:E:;;;;^np.dentomco>sinr«>. 



Paieiildoouitierrt 
dted in search report 



PubKcalion 
date 



Patent family 
meml3er(s) 



Publicafion 
date 



EP D881354 



02-12-1998 



US 

CA 

DE 

DE 

DK 

EP 

NO 

US 



6085838 A 
2234386 Al 
6982G153 Dl 
69820153 T2 
881354 T3 
0881354 A2 
982371 A 
RE38578 El 



11-07-2000 
27-11-1998 
15-01-2004 
30-09-2004 

13- 04-2004 
02-12-1998 
30-11-1998 

14- 09-2004 



WO 9923354 



14-05-1999 



AU 
AU 
CA 
DE 
DE 
EP 
WO 
NO 
US 



740328 82 
9753598 A 
2308180 Al 
69806494 Dl 
69806494 T2 
1027526 Al 
9923354 Al 
20001956 A 
2002189818 Al 



US 6454013 81 



01-11-2001 

24-05-1999 

14-05-1999 

14-08-2002 

20-02-2003 

16-08-2000 

14-05-1999 

19-06-2000 

19-12-2002 

24-09-2002 



US 6348095 



20-09-1994 AU 
AU 
CA 
DE 
DE 
DK 
WO 
EP 
OP 
OP 
NO 
NZ 
OA 
RU 
SG 



670948 82 
4324493 A 
2137560 Al 
69306110 Dl 
69306110 T2 
643794 T3 
9325799 Al 
0643794 Al 
7507510 T 
3441072 82 
944721 A 
253124 A 
10117 A 
2103482 CI 
46560 Al 



08-08-1996 

04- 01-1994 
23-12-1993 
02-01-1997 

05- 06-1997 
05-05-1997 

23- 12-1993 
22-03-1995 

24- 08-1995 

25- 08-2003 
07-12-1994 
27-02-1996 
18-12-1996 
27-01-1998 
20-02-1998 



US 3203451 



31-08-1965 



US 
US 



3179168 A 
3203483 A 



20-84-1965 
31-08-1965 



G8 2344606 



14-06-2000 



AU 767364 82 

AU 5933599 A 

AU 2004200246 Al 

BR 9906143 A 

CA 2292171 Al 

DE 19958399 Al 

6B 2380213 A ,B 



06- 11-2003 
08-06-2000 
19-02-2004 
05-09-2000 

07- 06-2000 
13-07-2000 
02-04-2003 



8 F,x™redet^..*o«tth^a„nex:seeO«.c,a.Jouma.o.the European Pate,«0.6oe. No. 



EP1 555 386A1 



auNEX TO THE EUROPEAN SEARCH REPORT 
SS EWOpSS IXlEtlT APPLICAHON NO. 



EP 05 00 4441 



Publieation 
date 




GB 2344606 



GB 
GB 
NO 
US 
US 
US 
US 
US 
US 
US 
US 
US 
US 
US 
US 
US 
US 

us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 



2380214 A ,B 

2380215 A ,B 
995991 A 

2602189816 Al 
6253966 Bl 
2003098154 Al 

2003094278 Al 

2003094279 Al 
2003056949 Al 
2003121558 Al 
2003173090 Al 
2004045616 Al 

6497289 Bl 
2004118574 Al 
6823937 Bl 
6575240 Bl 
6646903 Bl 
6604763 Bl 
6557640 Bl 
2604262014 Al 
2004188099 Al 
2604182569 Al 
2061047870 Al 
2001047866 Al 
2001045289 Al 
2005011641 Al 
2665045324 Al 
2605028988 Al 
2005045341 Al 
2005039928 Al 
2662660068 Al 
2062050360 Al 
2002060078 Al 
2002040787 Al 
2002060069 Al 



02-04-2003 
62-04-2003 
08-06-2000 
19-12-2002 
24-07-2001 
29-05-2003 
22-05-2003 
22-05-2003 
27-03-2003 

03- 07-2003 
18-09-2003 

11- 03-2004 
24-12-2002 
24-06-2004 
30-11-2004 
10-06-2003 

04- 11-2003 

12- 08-2003 
06-05-2003 
30-12-2004 
30-09-2004 
23-09-2004 
06-12-2001 
06-12-2001 
29-11-2001 
20-01-2005 
03-03-2005 

10- 02-2005 
03-03-2605 
24-02-2605 
23-65-2602 
02-05-2602 
23-05-2002 

11- 04-2002 
23-05-2002 



i Forr 



, doteite about B* omex : Bee Official Journal of th. Emopean Patort Office. No. 1 2«2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

jD IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

/ 

FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

/ 

\^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



